The antioxidant activity, expressed in mM Trolox equivalent antioxidant capacity (TEAC), of some edible Yemeni plants belonging to different families was evaluated using the ferrylmyoglobin/ABTS и + method. Methanolic (80%) extracts of tested plants exhibited higher (p<0.05) TEAC than extracts of other solvents. Extracts of coffee beans (Coffea arabica), sweet basil (Ocimum basilicum), wild thyme (Thymus serpyllum) and sorrel (Rumex acetosa) had antioxidant activities equivalent to 8.7-47.1 mM Trolox or 7.9-42.8 mM BHA per g dry weight of plant. The TEAC of methanolic extracts for sorrel was not significantly different (p>0.05) from extracts of Leucaena leucocephala (Thailand) and Japanese green tea (Camellia sinensis). A good correlation (R 2 =0.937) was observed between TEAC and total phenol contents in 80% methanol extracts of tested plants.
There is increasing epidemiological and pharmacological evidence that plants contain biologically active components (e.g., free radical scavengers) offering health benefits and protection against degenerative diseases. In fact, oxygen radicals and lipid peroxides have been known for their alleged role in the etiology of many in vivo pathological reactions such as aging and cancer (Nakatani, 1992; Ferguson, 1994; Rice-Evans et al., 1995; Rapisarda et al., 1999) . Synthetic antioxidants like BHA have been developed to retard lipid peroxidation, but their use as food additives and therapeutic chemicals has been hindered due to their possible toxicity to human health (Nakatani; 1992 , Haraguchi et al., 1998 Jimenez & Garcia-Carmona, 1999) . Therefore, effective antioxidants with less toxicity, especially those originating from natural plants used in folk medicine and food, are attracting the attention of medical and food scientists alike. Flavonoids (e.g., catechins and myricetin) of dietary plants and spices exhibited anti-oxidative, anti-mutagenic, anti-allergic and anti-carcinogenic activities (Jimenez & Garcia-Carmona, 1999; Asai et al., 1999; Hashimoto et al., 1999) . Murakami et al. (1995) reported on the strong anti-tumor activity of several edible plants of Southeast Asia. Extracts of Thai fingerroots (Boesenbergia panndurata) and galanga (Languas galanga) contained potent antimutagens against Trp-P-1 in the Ames Salmonella test (Trakoontivakorn et al., 1999) . Recently, another biological activity (insulin-like functions) was shown by extracts of many herbs such as tea and basil (Broadhurst et al., 2000) .
In many regions of the world, certain edible plants and spices have been used in folk medicine as remedies of various diseases. For example, turmeric and Pulicaria crispa were used in treating inflammation (Al-Yahya et al., 1988; Asai et al., 1999) whereas licorice from Glycyrrhiza spp. relieved rheumatic pain and ulcers (Haraguchi et al., 1998) . In Yemen and other Islamic countries, many herbs and spices (e.g. thyme, basil and black cumin) have been used in folk medicine and as condiments. In spite of the increasing interest in the chemopreventive potential of dietary phytochemicals worldwide, no data have referred to the biological functions of Yemeni plants. Based on the compelling evidence of health benefits of edible plants, especially those commonly consumed in many Asian countries, the present study was the first conducted on the antioxidant activity of some edible plants from Yemen.
Materials and Methods
Chemicals Unless stated otherwise, all chemicals were purchased from Wako Pure Chemicals Industries, Ltd. (Osaka). Water was purified through a Milli Q Millipore System. Stock solutions of 500 M ABTS diammonium salt (2.2¢-azinobis(3-ethylbenzothiazoline-6-sulfonic acid), 400 M myoglobin, 740 M potassium ferricyanide and 450 M H 2 O 2 were freshly prepared in 5 mM phosphate buffered saline, PBS (155 mM NaCl, pH 7.4). Metmyoglobin (MbIII) was made by mixing equal volumes of myoglobin and potassium ferricyanide solutions (RiceEvans & Miller, 1994 For comparative purposes, other edible plants (6 species) were obtained from marketplaces in Thailand and Japan; these were Leucaena leucocephala and Glochidion perakense (syn. Glochidion wallichianum) from Thailand, Chrysanthemum coronarium and green tea (Camellia sinensis) from Japan, Ilex paraguariensis originated from Argentina, and Ceylon black tea (Camellia sinensis).
Plants were extracted by mixing 500 mg of lyophilized samples with 20 ml solvent for 1 min using a polytron type homogenizer. Extracts were then centrifuged (9390ϫg, 10 min) at 5˚C and clear supernatants were used for the antioxidant assay described below. Depending on the plant, extracts were further diluted prior to assays.
Solvent soluble antioxidants To investigate the effects of solvent on antioxidant activity, lyophilized samples of Thymus serpyllum, Ocimum basilicum, Nigella sativa and Pulicaria crispa were separately extracted with each of the following solvents of different polarity: hexane, ethyl acetate, methanol (80%) or water. Solvents were evaporated at 35˚C in vacuo using an Eyela CVE-200D centrifugal vaporizer (Tokyo Rikakikai Co., Tokyo), and then solids were weighed before dissolving in 80% methanol for determination of the total antioxidant activity as outlined below.
Total antioxidant activity The radical-scavenging activity of extracts, defined as the total antioxidant activity, was determined using the ferrylmyoglobin/ABTS и + protocol of RiceEvans and Miller (1994) . Briefly, the reaction mixture (2 ml total volume) contained the following substances (final concentration in a mixture); ABTS (150 M), MbIII (2.5 M), 16.8 l sample extract (0.84%) or a Trolox standard, and 978 l PBS (to make 2 ml). The reaction was initiated by the addition of H 2 O 2 (75 M) and the lag time in seconds before absorbance of ABTS и + at 734 nm began to increase was recorded. The reaction was conducted at 30˚C using a Shimadzu UV-1200 spectrophotometer fitted with a temperature control (Shimadzu Co., Kyoto). The total antioxidant activity (TAA) of extracts was determined as Trolox equivalent antioxidant capacity (mM TEAC) from the linear regression of Trolox standards (0-4 mM) and their lag times. Results were calculated as TEAC in mM per g dry weight of original samples.
Total polyphenols The method of Singleton and Rossi (1965) downscaled to 2 ml (final volume in a cuvette) was followed to determine amounts of total polyphenols in extracts; 200 l of methanolic extract of a tested plant was mixed with 1000 l of 1:10 Folin-Ciocalteu's reagent (Nacalai Tesque Inc., Kyoto); 30 s later and just prior to 8 min later, 800 l of Na 2 CO 3 (7.5%) was added. The reaction mixture was incubated at 24˚C for 2 h before absorbance values ( 765 nm) were recorded. Gallic acid monohydrate was used as a standard (0-0.07 mg/ml). Total polyphenols were expressed as mg gallic acid equivalents per g dry weight of original samples.
Statistical analysis The analysis of variance, ANOVA (SPSS 9.05 for Windows, 1999), was used to evaluate data (␣=0.05). Means were separated by Tukey's HSD multiple comparisons.
Results and Discussion
Effect of solvent on antioxidant activity As shown in Table 1 , 80% methanol extracts had the highest TEAC. Depending on the plant, TEAC values of water extracts of plants represented 14.2% to 65.8% of the corresponding values determined in methanolic extracts. However, a correlation between amount of solvent soluble solids and TEAC was not recognized (R 2 =0.055). Methanolic extracts of plants presumably contained higher concentrations of antioxidants, i.e. polyphenols, compared to those in other solvents. Miller et al. (1995) indicated that water soluble substances (e.g., sugars and organic acids) did not contribute to the antioxidant activity of fruits. In fact, Azuma et al. (1999) indicated that prooxidative activity of water and ethanolic extracts of vegetables was reversed by a metal chelator (diethylenetriaminepentaacetic acid, DTPA). Moreover, polyphenols (e.g., flavonoids) could be oxidized by polyphenol oxidases forming the corresponding quinones and thus losing their antioxidant capacity (Jimenez & Garcia-Carmona, 1999) .
Antioxidant activity and total phenolics of plants The TEAC and total polyphenolic values of plants extracted with 80% methanol are summarized in Table 2 . It is noteworthy that some of the tested plants which have no English or common names may not be widely distributed in the world. Apparently, plants varied in their antioxidant capacity, ranging from <1 to 71 mM TEAC per g dry weight of plant. Extracts of sorrel, thyme (wild), sweet basil and Pulicaria crispa exhibited antioxidant activity corresponding to the antioxidant capacity of 5.6-47.1 mM Trolox (a water soluble analogue of ␣-tochopherol) or 5.1-42.8 mM BHA per g dry weight of the tested plants (Table 2) . A striking difference in TEAC was found within species of the genus Ocimum,viz. O. basilicum and O. kilimandscharicum (Table 2) .
In addition to sorrel, plants belonging to the Labiatae (Lamiaceae), i.e. thyme and basil, had higher TEACs than other Yemeni plants (Table 2) . Among the Yemeni plants tested, sorrel did not exhibit a significant difference (p>0.05) in TEAC from either Leucaena leucocephala (Thailand) or Japanese green tea. A study on Finnish plants indicated that sorrel had much less antiperoxidant activity than other species of thyme (T. vulgaris) using the methyl linoleate (MeLo) oxidation system (Kahkonen et al., 1999) . However, Liebert et al. (1999) mentioned that the MeLo test was less reliable in measuring the antioxidant capacity of tea compared to the method used in this study, the ferrylmyoglobin/ABTS и + system. It should be noted that TEAC of plant extracts containing iron chelating antioxidants may be underestimated when the ferrylmyoglobin/ABTS и + method is used (Yu & Ong, 1999) . Common world beverages (tea, coffee and maté) were significantly different (p<0.05) in their antioxidative capacity or TEAC. Presumably, that is related to their total phenolic content (Table 2) . In this regard, it was reported that tea and coffee contained higher concentrations of antioxidant phenolics (e.g., epigallocatechin gallate ) which reduce lipid hydroperoxidation in human plasma (Chuda et al., 1996; Liebert et al., 1999; Nakagawa et al., 1999) . It is worthwhile to mention that TEAC was well correlated (R 2 =0.937) with total phenolics in methanolic extracts of plants (Fig. 1) . Earlier findings indicated that amounts of phenolic compounds markedly influenced the antioxidative capacity of fruits, grains, tea and other edible plants (Liebert et al., 1999; Rapisarda et al., 1999) .
Thai plants were distinct in their total phenolic content (Table  2) , ranging from 15%-18.3% (dry weight basis). It was mentioned by Liebert et al. (1999) that polyphenols could be as high as 35% of the dry weight of tea. The environmental conditions (e.g., higher temperatures and humidity) contributed to the stronger biological functions of Thai plants compared to those grown in other Asian countries (Murakami et al., 1995; Murakami et al., 2000) .
In summary, commonly consumed plants contain antioxidants which are potential prophylactic agents and natural food additives. Recognition of the biological functions of phytochemicals would prompt the expansion in cultivation and market potential of these edible plants. Fig. 1 . Relationship between antioxidant activity (mM TEAC g -1 dry weight) and % total polyphenols in methanolic extracts of tested edible plants.
